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Abstract 
A critical aspect of the Total Ankle Replacement (TAR) implantation procedures is 
distraction of the ankle joint. During this part of TAR implantation, the surgeon utilizes a 
mechanical distraction device such as the DynaFixTM (EBI L.C. Parsippany NJ) to create 
a gap between the tibia and talus. The distraction procedure allows the surgeon to 
reproduce tension on the ankle joint and to correct existing hind foot pathologies, which 
are common in patients undergoing TAR [1] [2]. The distraction process also allows for 
proper bone resection and component installation. Serious deformities result from under 
or over-distracting the ankle joint during TAR implantation [1]. No previous studies 
correlated the force of distraction to resulting hindfoot mechanics. 
The main goal of this project is to design an instrumented ankle joint distractor that 
allows the design team to determine the relationship between the amount of distraction of 
the ankle joint and the corresponding effects on hindfoot stability. We will focus on three 
specific tasks to determine success of this project: (1) designing/instrumenting the 
DynafixTM distraction device with force and displacement sensors, (2) using this 
instrumented distraction device to measure the force – displacement properties of the 
ankle joint in distraction, (3) measuring flexibility characteristics of the ankle joint 
complex at different levels of distraction. 
The project will be completed May, 2004 with important milestones achieved throughout 
the timeline. We estimate that the cost to manufacture the ankle distractor will be 
$3,332.60. The validation of the equipment and the cadaveric study will cost $2,830.00. 
This brings the total cost of the project to $6,162.60. 
A successful project will be considered when three criteria, determined by the design 
team and advisors, are met. These are: (1) the successful development of a distraction 
device that meets all design criteria, (2) using data collected from the cadaveric study to 
provide scientifically backed recommendations about the amount of distraction an ankle 
joint can undergo on a patient specific bases, (3) acceptance of the designed distractor by 
the clinicians who perform the procedure. 
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I. INTRODUCTION 
a. Problem Background 
An important part of Total Ankle Replacement (Figure 1) implantation procedure is 
distraction of the ankle joint. During this part of TAR implantation, the surgeon creates a 
gap between the tibia and talus by anchoring an ankle joint fixator with a built in 
distraction mechanism, such as the DynaFix TM (EBI L.C. Parsippany, NJ) (Figure 2), 
across the ankle joint complex. While the foot is in the neutral position the surgeon 
manually activates the distractor using an Allen key. This action drives a telescopic 
motion of the distractor, resulting in a proportional displacement between the tibia and 
the talus. Typically the surgeon distracts the ankle joint by up to one centimeter to 
implant the TAR [5]. 
Understanding the relation between the level of joint distraction and the resulting 
mechanics of the hindfoot is of critical importance. The distraction procedure allows the 
surgeon to reproduce tension on the ankle joint and to correct existing hindfoot varus or 
valgus, which is common among patients considering TAR [1], [2], [4]. If the surgeon 
over-distracts the ankle joint he may cause permanent damage to the collateral ligaments. 
In this situation the ankle joint often tips into a varus deformity after the TAR is installed 
[2]. Under-distracting the ankle joint may lead the surgeon to remove too much bone, 
which results in an unstable ankle [2]. 
In spite of the critical need for understanding this relationship, a review of the literature 
revealed that there is a lack of quantitative information describing the loads placed across 
the ankle joint during distraction and the effect of these loads on hindfoot mechanics. The 
inventor of the Agility TM TAR (DePuy inc., Warsaw, IN) admitted, “The current method 
of distraction and ligament tensioning is a bit unscientific [2],” and furthermore is based 
solely on the feel of the surgeon [3]. A market review revealed that no distraction device 
available at this time offers any operator feedback regarding the forces and displacement 
of distraction. One study measured the load-displacement values for one patient and 
reported that 300-700 N were necessary to distract the ankle joint 1 cm [3]. In this 
abstract the author provided no conclusions regarding the effect of the distraction loads 
on hind foot mechanics. Surgeons would greatly benefit from quantitative information, 
which documents the load-displacement characteristics of the ankle joint during 
distraction, and relates this to the resulting mechanical function of the ankle complex in 
clinically relevant motions. 
b. Problem Statement 
Excessive distraction of the ankle joint may cause permanent damage to the surrounding 
ligaments, which in turn will affect the mechanical behavior of the ankle. However, the 
effects of ankle joint distraction on ligament damage and on the mechanical properties of 
the hindfoot are unknown. The main goal of this project is to design and fabricate a 
prototype ankle joint distractor that provides the surgeon with live force and displacement 
feedback that will allow him/ her to properly distract the ankle joint. This device will 
then be used to study the effects of ankle distraction on the mechanical characteristics of 
the ankle joint complex. 
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c. Design Criteria 
1. The Instrumented Distractor must be based on a design that is trusted by surgeons 
conducting TAR. 
2. The device must be autoclave (or a comparable sterilizing method) safe. 
3. Force and displacement instrumentation must be replaceable and readily available. 
4. The changes made to the current design must not hinder the functionality of the 
distraction mechanism. 
5. The changes made to the current design must not substantially increase the distraction 
process time. 
6. The instrumented distractor must be small enough so that it does not hinder the 
surgeon during the implantation procedure. 
d. Constraints 
The operating room is a highly constrained environment in respect to space, sterility, and 
time. Since this device will be used during joint replacement surgery, it must be easily 
sterilized. The instrumented components are capable of being chemically sterilized, and 
for increased safety, they will be physically shielded with plastic or rubber while in use. 
The proposed design does not increase the time that it takes to perform the distraction 
process. In fact, it essentially reduces the time since the surgeon is fully aware of how 
much further and at what rate the joint can be distracted. 
The only method by which to physically validate the Instrumented Distractor is by 
applying it in vivo (on live patients) or in vitro (on cadavers). Since it is impossible to 
test a prototype device on live patients undergoing a major surgery, the Instrumented 
Distractor will be validated by testing on four cadaver ankles. 
II. STATEMENT OF WORK 
a. Design and Instrumentation of a distraction device 
The design begins with an existing ankle joint distractor, the DynaFix TM (EBI L.P. 
Parsippany NJ). To measure the force of distraction, we propose to integrate a load cell 
in series with the central body components. First, the original body component is 
sectioned. The two mating surfaces are machined flat to 0.001” runout. A through-hole 
compression load cell (Figure 3) is sandwiched by the body components, which are 
connected by a length of stainless threaded stock. An infinite resolution linear variable 
displacement transducer (LVDT) (Figure 4) is bridged across the distraction mechanism 
to relay the exact net displacement of the ankle joint during distraction. The infinite 
resolution produces an output for even the minutest displacement. The core of the LVDT 
is interfaced to the head of the distractor shaft, and the body of the LVDT is connected to 
the body of the distractor mechanism. Both mounting connections are stainless steel 
quick- release mounts that allows removal of the LVDT with an Allen key. The load cell 
and LVDT are powered by a single +/- 15 Volt DC power supply (Figure 5) that is 
capable of operating on 115 or 230 Volts AC. This is a preliminary prototype (Figure 6), 
and therefore, testing may reveal necessary design changes. 
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b. Data Collection 
The signals from both the load cell and LVDT are fed through individual signal 
conditioners (Figure 7) that simultaneously provide digital signal readout. The output of 
each conditioner is hard-wired to an individual channel on a National Instruments Data 
Acquisition Card (DAQ) (Figure 8). This card is part of a complete system that includes 
a 16-input card, LabVIEW software and the necessary computer interface. A PCMCIA 
card (Figure 9) is used for laptop computers and a PCI card (Figure 10) is offered for 
desktop computers. The conditioned force and displacement signals are displayed 
through LabVIEW on the computer monitor and are compared in a force- displacement 
curve. A diagram of the data collection system is included in appendix B, figure 11. 
c. Testing and Validation 
The testing and validation process involves in vitro measurement of the forces and 
displacement during ankle joint distraction. The experiments will be conducted on 4 
cadaveric specimens thawed to room temperature. It is known, that at this temperature, 
the non-linear load-displacement characteristics of soft tissue structures are still present 
in cadavers. Each cadaver ankle will be prepared by an orthopaedic surgeon. Dr. Enyi 
Okereke (Chief, Foot and Ankle Surgery Service, Department of Orthopaedic Surgery, 
Hospital of the University of Pennsylvania, Philadelphia, PA) is certified in TAR 
implantation and has extensive clinical experience in this procedure. After the distractor 
is mounted to the hindfoot, the ankle joint will be distracted in increments of 2mm until 
the soft tissue structures supporting the joint fail. After each stage of distraction, the 
fixator will be removed and the specimen will be tested in the six-degrees-of-freedom 
Ankle Flexibility Tester (AFT) (Figure 12). In order to insure that the distractor is 
aligned consistently after each flexibility test, the central body components are rigidly 
locked in position. Marks will also be made on the bone screws to assure that as the 
distractor is re-attached to the limb, each incremental loading occurs in the exact 
direction of the previous increment. 
i. Measure the load-displacement characteristics of the ankle joint during 
distraction. 
The Instrumented Distractor shall be fixed to the specimen. The ankle joint will then be 
distracted in increments of 2mm until failure is observed. The distracting force and 
displacement will be recorded using a National Instruments Inc. data acquisition card and 
LabVIEWTM software on a laptop computer. 
ii. Measure the mechanical properties of the ankle joint complex at each level 
of distraction utilizing the Ankle Flexibility Tester (AFT). 
The data obtained in the cadaveric study with the AFT includes the load-displacement 
characteristics and range of motion of the ankle joint complex at each level of distraction. 
In order to test each specimen in the AFT, the tibia is cemented into a short 8 cm 
diameter PVC pipe and secured to one end of the AFT. The calcaneus is then rigidly 
secured to the footplate of the AFT. After securing the tibia and foot, the transmalleolar 
axis of the AFT is aligned with the medial and lateral malleoli. Following alignment, 
forces and torques are applied along each axis and the resulting linear and angular 
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displacements are measured using potentiometers. The data from each sensor are 
collected using the LabVIEWTM data acquisition software and a National Instruments Inc. 
data acquisition card and then saved onto a laptop computer as described above. 
d. Alternatives 
It may also be possible to quantify the forces across the ankle joint by instrumenting the 
individual ligaments themselves. This would require the physical design of individual 
strain gauges that are specific to each ligamentous structure in the ankle joint complex. 
The amount of distraction would be measured through an LVDT attached to bone screws 
anchored to the head of the talus and the dorsal extremity of the tibia out of the surgical 
work region. It would still be necessary to quantify the effect of the loads of distraction 
to the flexibility characteristics of the ankle joint complex using the AFT. The set-up 
time for such a system is far greater than that of the primary solution. Therefore, it would 
not be feasible to perform this during an actual TAR implantation procedure. 
e. Measure of Success 
Success of this project will be achieved when a functional prototype instrumented 
distractor is delivered, and meets the specified design criteria for use in the operating 
room. The ultimate goal is to develop a system that can be used by the Chief of Foot and 
Ankle Surgery at the University of Pennsylvania Hospital (Dr. Enyi Okereke M.D.), and 
have him use it in a complete in vivo TAR procedure. 
III. PROJECT MANAGEMENT/TIMELINE 
A detailed timetable is provided in appendix A. 
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IV. BUDGET JUSTIFICATION 
There are two sections to the preliminary budget: (1) prototyping costs and (2) clinical 
evaluation/ study costs; as shown in appendix C. 
Design, instrumentation, fabrication and experimental testing will be done in-house. Any 
raw materials (metal, hardware, etc.) will be purchased through a wholesale distributor, 
McMaster Carr. 
Component design for the instrumented distractor will be done in ProEngineer®, which 
is available to the design team at the Drexel University Mechanical Engineering 
computer lab. 
All fabrication is to be done at the Drexel University machine shop. Each team member 
has been trained and has clearance to operate the machine shop equipment. Furthermore, 
design validation and experiments will be completed in the Drexel University Bio-
mechanics lab. 
A proposal has been submitted to the manufacturer of the distractor, EBI L.P., 
Parsippany, N.J., for the purchase of the necessary instrumentation. 
V. ECONOMIC ANALYSIS 
The industrial costs are those associated with production of the ankle joint distractor for 
professional sales. This total includes material and labor cost. The Instrumented 
Distractor will be manufactured in 100-unit batches. The current retail cost of an ankle 
distractor is $3,500.00. The additional components add $1,405.80. This increases the 
industrial total to $3,905.80. Assuming a retail markup of 40%, the retail price of the 
instrumented distractor will be $5,468.12. A detailed summary of all component pricing 
is listed in appendix C. 
VI. ENVIRONMENTAL/SOCIETAL IMPACT ANALYSIS 
Due to low scale production numbers (100 units per batch) and minimal amount of raw 
material used, the environmental impacts coinciding with the manufacture of this product 
are negligible. The device itself does not consist of any throwaway components. The 
instrumented distractor is not available to the general public, and is to be serviced by the 
manufacturer only. 
Utilization of the instrumented distractor will improve the quality of life of the patients 
that undergo TAR by assuring the ankle joint is distracted to create proper joint tension 
without damaging the soft tissue structure that supports the joint. The current process 
cannot assure such an outcome. 
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APPENDIX B 
Figures 
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Figure 1: Agility TAR Components Installed 
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Figure 2: EBI DynafixTM Distractor Mounted 
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Figure 3: Transducer Techniques Through-hole Load Cell 
Figure 4: Schaevitz Sensors DC Series LVDT 
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Figure 5: Agilent +/- 15 V DC Power Supply 
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Figure 6: EBI DynaFixTM Instrumented Distractor 
Figure 7: Transducer Techniques Signal Conditioner/ Display 
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Figure 9: National Instruments Laptop PC Interface Card 
Figure 10: National Instruments Desktop PC Interface Card 
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Figure 11: Data Collection Schematic 
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Figure 12: Ankle Flexibility Tester 
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Item 
Engineering Design and Validation Costs 
Cost Per 
Quantity Unit 
Software: General 
Engineering Lab Fee 
Sub-Total 
Description 
Pro-Engineer 
Pro-Mechanica 
Microsoft Office 
Validation Costs 
Sub-Total 
Total Cost 
-
Cadaver Specimens 
PVC 
Plaster 
Table 1: Engineering Design and Validation Costs 
-
-
-
3 
4 
-
-
-
-
$ 250.00 
$ 500.00 
4 $ 10.00 
4 $ 10.00 
- -
-
Adjusted 
Cost 
-
-
$ 750.00 
$ 2,000.00 
$ 40.00 
$ 40.00 
$ 2,080.00 
$ 2,830.00 
Prototype Manufacturing Cost 
Item Description/Model 
LabView DAC 
System PCI-MIO-16XE-50 
Power Supply 
E3630A Dual 
Output 
Manufacturer 
MLP Series 
Force Universal Mini Low 
Transducer Profile 
LVDT 
Signal 
Conditioner 
500-MHR 
Solder 
DPM-2 
361A-20R-25 
Raw Materials 
Sub-Total 
-
-
National 
Instruments 
Agilent 
Transducer 
Tech 
Schaevitz 
Sensors 
Transducer 
Tech 
Vishay 
McMaster -
Carr 
Total Design and Validation Cost 
-
Total Prototype Cost 
Total Project Cost 
Table 2: Prototype Manufacturing Costs 
Cost Per 
Unit Quantity 
Adjusted 
Cost 
$ 1,295.00 
$ 490.60 
$ 480.00 
$ 250.00 
$ 295.00 
$ 27.00 
$ 200.00 
-
1 
1 
1 
1 
2 
1 
$ 1,295.00 
$ 490.60 
$ 480.00 
$ 250.00 
$ 590.00 
$ 27.00 
$ 200.00 
$ 3,132.60 
$ 2,830.00 
$ 3,332.60 
$ 6,162.60 
-
-
-
- -
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Item 
Distractor 
LabView 
DAC 
System 
Power 
Supply 
Force 
Transducer 
LVDT 
Signal 
Conditioner 
Solder 
Industrial Production Cost 
Description/Model Manufacturer 
Cost Per 
Unit 
Dynafix 
PCI-MIO-16XE-50 
E3630A Dual 
Output 
MLP Series 
Universal Mini Low 
Profile 
500-MHR 
DPM-2 
361A-20R-25 
EBI L.P. 
National 
Instruments 
$3,500.00 
Quantity 
Adjusted 
Cost 
Transducer 
Tech 
Vishay 
Total Manufacturing Cost 
$647.00 
100 
100 
$147.50 
$1.00 
100 
100 
$ 350,000.00 
$64,700.00 
Agilent 
Transducer 
Tech 
Schaevitz 
Sensors 
$245.30 
$240.00 
$125.00 
100 
100 
100 
$24,530.00 
$24,000.00 
$12,500.00 
$14,750.00 
$100.00 
$ 490,580.00 
$4,905.80 Manufacturing Cost per Unit 
Table 3: Industrial Manufacturing Cost 
* 
All industrial manufacturing costs are based on wholesale cost of instrumentation materials when purchased by the manufacturer at a quantity 
of 100 components. 
- -
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